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Shielding Principle Provides Electronic Micrometer 


The principle that the field surrounding a coil fed 
with alternating current will induce current in an 
adjacent coil and that the amount of current thus 
induced can be controlled by placing a shield or a 
low-resistance conductive medium at various distances 
from the latter coil is employed to make a linear 
reading device for use as an electronic micrometer. 
The shield is placed, not between the primary and 
secondary coils, but adjacent to the latter. Its distance 
from the secondary coil determines the amount of 
energy produced in this coil. 

The new device, developed by M. L. Greenough of 
the National Bureau of Standards, was designed pri- 
marily to afford a means for measuring thickness of the 
oil film in the bearings of a large Navy turbine shaft. 
The device, however, has other important applications, 
as a micrometer, a phonograph pick-up, a microphone, 
and similar purposes. 

The electronic micrometer designed at the Bureau 
utilizes the principle that radio-frequency energy radi- 
ated from a coil is at zero at the surface of a perfectly 
conducting shield adjacent to that coil. This phenome- 
non occurs because eddy currents are set up in the 
shield by the field of the radiating coil, and these eddy 
currents set up an opposing magnetic field at the sur- 
face of the shield. The opposing field exactly cancels 
the incident field at the surface of the metal plate. 
Theoretically, a pick-up coil of zero thickness applied 
at the surface of the shield would receive no energy. 
It is impossible, however, to design a coil of zero thiek- 
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ness. Therefore compensation for the necessary thick- 
ness of the coil has been included in the design. 

When the pick-up coil is moved away from the 
shield, in the direction of the radiating coil, it picks 
up a certain amount of energy because the radiated field 
becomes stronger while the field set up by the currents 
of the shield becomes weaker because of the change in 
distance. This condition becomes more marked as the 
distance between the pick-up coil and the shield in- 
creases. This is true whether the distance between the 
pick-up coil and the radiating coil decreases or remains 
unchanged. 

Because the metal background is not a perfect con- 
ductor and because the coil has measurable thickness, 
a minimum reading is obtained when the pick-up coil 
is in contact with the metal background. This condi- 
tion is corrected by the addition of a third coil that 
permits a zero reading to be obtained. 

The radiating coil is fed a high-frequency current. 
When the micrometer is held at some distance from 
any metallic object, the field from the radiating coil 
induces voltage in the secondary (or pick-up) coil and 
this induced voltage is measured either on an oscillo- 
scope or by an alternating current meter. The linear 
indication of the change in distance between the mi- 
crometér and the metal background is indicated on the 
meter or oscilloscope. 

This principle can be employed in a variety of ways. 
Most obyious, perhaps, is its use as a micrometer. In 
this application, the coil assembly is mounted on a 
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movable shaft in such a manner that it can approach 
or recede from a metallic plate. The material to be 
measured is placed between the pick-up coil and the 
metallic plate and is pressed lightly between them. 
When the material is removed, the amount of current 
generated in the pick-up coil is an indication of the 
thickness of the material which occupied the space. 
The meter indicating the output of the coil is cali- 
brated, not in current or voltage, but in thousandths 
of an inch in order to give a direct measure of distance 
or thickness. 

Capacitance micrometers, which measure the thick- 
ness of a nonconducting film separating the micrometer 
from a conductive background, are well known. It is 
impossible, however, to use micrometers of this type 
where the conductive background is either inaccessible 
or cannot be accurately defined. Similarly, inaccur- 
acies are likely to be introduced because of changes in 
the dielectric constant of the insulating film covering 
the metallic backing. 

When the electronic micrometer was used to measure 
the displacement of a turbine shaft in its journal, four 
of the devices were spaced equally around the turbine 
shaft. This arrangement is so sensitive that a deflec- 
tion of 0.01 inch of the center of a 6-inch shaft provides 
a 2-inch deflection of the center spot of a cathode ray 
tube. The micrometer is about 1% inch in diameter by 
14 inch in length and is able to measure distances 
from 0 to 0.02 inch. Readings to 0.0001 inch are 
easily obtained. The indication on a meter is linear to 
within a fraction of 1 percent. 


Additional Applications 


When the principle is employed in a phonograph 
pick-up, the vibration of a flat plate armature fastened 
to the needle causes a change in the position of this 
armature with respect to the pick-up coil. This causes 
alteration in the output of the pick-up coil, and these 
electrical fluctuations may be rectified and fed into an 


The electronic micrometer consists simply of three coils 
on a plastic form that also contains a rectifier and filter. 
The micrometer is shown in position for measurement 
of the thickness of a piece of paper. The meter is cali- 
brated in units of length for convenience. 
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amplifier for reproduction. By selection of suitable 
frequencies, the output of the pick-up coil may be high 
frequency fed directly into the intermediate frequency 
stages of a superheterodyne phonograph-radio receiver 
in any of a variety of ways. Tests of the circuit 
indicate satisfactory operation in receivers using a 
450-kilocycle intermediate frequency. 

When the electronic micrometer is used as a micro- 
phone, vibrations adjacent to the pick-up coil are 
created by a metallic diaphragm, and the movement 
of this diaphragm causes fluctuations in the output of- 
the pick-up coil. The action is similar to that of the 
device used as a phonograph pick-up. With a slight 
modification, the device may be used as a thermometer. 
A bimetallic strip of convenient length is so mounted 
that it extends in a path parallel to the end plane of the 
pick-up coil, positioned closely adjacent to that coil. 
As the bimetallic bar bends in accordance with heat, 
its free end is brought closer to or farther from the 
pick-up coil and an indication is given on a meter 
calibrated in degrees. 

Another application of the device is the tachometer 
or speed indicator. In this case, the end plate of a 
flyball governor may be so mounted as to approach or 
recede from the pick-up coil as the speed of rotation 
of the governor increases or decreases. Still other 
applications of the electronic micrometer are feasible. 
It is obvious that it can be applied to any use where 
the variation in distance between the coil and a conduc- 
tive plate may be used to produce an electric current 
that will vary in linear manner in accordance with the 
change in distance. 


(right). 


Ceramic dieletrics are prepared by calcining 
mixtures of titanium dioxide and carbonates 
of the alkaline earths, 
cines, and molding in a hardened steel mold 
Disks are heated (left) at the cor- 
rect maturing temperature, and the electrical 
properties measured (center) with a Q meter. 


pulverizing the eal- 


High-Dielectric Ceramics 


New ceramic dielectrics, having exceptionally high 
dielectric constants, have evolved from wartime re- 
search in the Porcelain and Pottery Laboratory at the 
National Bureau of Standards. Such dielectrics are of 
major importance in the production of capacitors for 
use in radio, radar, television, and in other special 
equipment where space is at a premium—such as the 
radio proximity fuze and hearing aids. ‘Their ex- 
tremely high dielectric constants also make them par- 
ticularly adaptable for the tiny capacitors required in 
subminiature electronic devices. 

The unusual electrical properties of the naturally 
occurring titanium dioxide mineral, rutile, have been 
known for over 40 years and have been useful in radio 
design for about 20 years. However, the very high 
values of dielectric constant of some of the titanates 
were observed only a few years before World War II 
began. Because of the urgent need for such dielectrics, 
the Signal Corps in 1944 requested the Bureau to 
develop and test ceramic dielectrics. The investiga- 
tion has covered a study of the properties of dielectrics 
prepared by systematic variation in the composition of 
the alkaline earth titanates. 

Because the capacity of a condenser is proportional 
to the value of the dielectric constant of the insulating 
material, a great saving of space is possible when such 
material has an extremely high dielectric constant. 
Other properties, such as the break-down voltage, elec- 
tric power loss, and change in capacity with variation 
in temperature of the dielectric, must also be taken into 
account. 

As nonporous bodies are required for the maximum 
efficiency of titanate dielectrics, careful attention must 


be given to the original materials and to the various 
steps in the preparation of such bodies. Variations in 
the purity and grain size of titania, and of the alkaline 
earth materials, frequently prevent close duplication of 
the properties of the dielectrics. In the current investi- 
gations at the Bureau, commercial titania (98.7 percent 


‘titanium dioxide) and reagent quality carbonates of 


barium, strontium, calcium, and magnesium are used. 
All of these materials are powders of extremely small 
grain size. For example, in 1 gram of titania the par- 
ticles had a total surface area of 38,000 square 
centimeters. 

In order to obtain intimate mixtures of the original 
materials, weighed quantities were added to distilled 
water and the resulting suspensions were agitated with 
a high-speed stirrer. The suspensions were dried, and 
the lumps were ground and sieved. The powdered 
preparations, moistened with 5 percent of a diluted 
starch suspension, were dry-pressed in the form of 
disks 3 inches in diameter and 14 to 1 inch in height, 
preparatory to calcination. 

Calcining the preparations eliminates most of the 
carbon dioxide and initiates reactions that affect the 
properties of the dielectrics. Heating at relatively 
high temperatures or for long periods gave calcines 
from which mature dielectrics could not be prepared 
readily. Accordingly, the mixtures were calcined for 
1 hour at such temperatures that the calcines retained 
the property of forming compact masses when pulver- 
ized and subjected to pressure. 

In the formation of specimens for study, the finely 
ground calcines (through a No. 325 sieve) were mois- 
tened with a starch suspension and then dry-pressed 
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Extremely high dielectric constants of ceramics of the 
type developed at the Bureau make possible tiny ceramic 


capacitors for subminiature electronic devices. These 
capacitors are seen as small circular disks on a single- 
stage amplifier (upper left) ; a radio transmitter printed 
on the envelope of a subminiature glass tube, 14 in. by 
1 in. (lower left); and a double-stage amplifier printed 
on the glass envelope of a miniature twin triode (right). 


at a pressure of 20,000 pounds per square inch in 
hardened steel molds. The dimensions of the speci- 
mens, or disks, were 0.025 to 0.10 inch in thickness 
and 0.25 to 1.5 inches in diameter. In the final heat 
treatment of the disks, the temperatures, ranging from 
100° to 150° C above those for calcination, were 
maintained for 1 hour. The dielectrics were con- 
sidered mature when the heat-treated disks had an 
equivalent water absorption not greater than 0.05 per- 
cent. The maturing temperature varied from 1,250° 
to 1,430° C in the preparation of barium-—strontium 
titanate dielectrics. 

Several problems remaining to be solved are under 
study at the Bureau. One is a satisfactory method for 
preparation of thin-disk dielectrics—not greater than 
0.001 inch—required for some types of capacitors. 
Another involves the stabilization of the highest dielec- 
tric constants over a wide temperature range for speci- 
mens prepared from mixtures of barium and strontium 
titanates with constants of 10,000 to 18,000. Com- 
pared with specimens of barium-—strontium titanates, 
those made from barium—calcium titanates had lower 
values of the dielectric constant, while the lowest values 
were found in the barium—magnesium titanates. 

The investigations at the Bureau have shown that, 
in general, the power factor of the specimens increases 
with increase in content of barium titanates. For 
example, the power factor for strontium titanate 
(measured at 1 megacycle, at 25° C, and with less than 
40-percent relative humidity) is 0.0001, whereas 
barium titanate, under the same conditions gives a 
power factor of 0.01. 


Measurement of the Slipperiness of 


Walkway Surfaces 


Slippery walkway surfaces are responsible for a 
large number of serious injuries and accidental deaths 
every year. In order to eliminate as far as possible such 
hazards, a joint research project has been undertaken 
by the National Safety Council and the National 
Bureau of Standards directed toward developing safety 
codes for walkways and footwear. The Council is 
engaged in collecting data regarding accidents and in 
making a statistical study to show the circumstances 
under which accidents from falls occur. The object 
of the Bureau’s investigation is to develop methods for 
measuring the slipperiness of walkway surfaces under 
conditions of use and to apply these methods in select- 
ing materials and methods of maintenance for both 
walkways and footwear that will reduce the frequency 
of accidents from falls. 

Probably the most common way of improving the 
antislip characteristics of paving and flooring materials 
is to provide a roughened surface. This is accom- 
plished in some flooring materials, such as metal stair 
treads and rubber matting, by forming corrugations 
or embossments in the surface; in others, such as rubber 
tile, ceramic tile, and troweled monolithic floors, by 
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embedding rough abrasives like alundum or carbo- 
rundum in the surface. However, due to difficulties of- 
cleaning and maintenance, rough surfaces are shunned 
for general indoor use. 

The establishment of safety codes for walkway sur- 
faces and footwear has been materially handicapped by 
the lack of adequate methods of measuring slipperiness. 
Slipperiness is not a constant of the walkway or the 
footwear but is a function of both surfaces and is 
materially affected by their condition. The correlation 
between coefficients of friction as commonly measured, 
and slipperiness, as actually experienced, is not good, 
especially where wet surfaces are involved. Most of 
the devices that have been used in the past for measure- 
ment of the coefficient of friction between shoe soles 
and walkway surfaces were concerned with starting 
rather than sliding friction, and an appreciable area of 
contact between sole and floor surface was generally 
used. These methods were thus more representative 
of a person standing on a floor than of someone in the 
process of walking, when most slips and falls occur. 

As an aid in the design of testing instruments, the 
Bureau is making a study of walking habits in an effort 


to obtain data on such factors as the manner in which 
the heel contacts a walkway surface during the re- 
straining phase of a step, the probable angles of contact 
between heels and walkway surfaces, the momentary 
forces involved, and the functions of muscles in loco- 
motion. Concealed cameras have been used to take 
slow-motion pictures of people walking in their usual 
manner, while they were unaware of being photo- 
graphed. These pictures show, among other things, 
that the foot is first placed upon the walkway surface at 
an angle so that only the rear edge of the heel is in 
contact during the early stages of the restraining phase 
of a step. The other foot remains in contact with the 
walkway and thus bears part of the vertical load until 
the heel rocks forward and the foot is firmly planted. 
This phase of the investigation was supplemented by a 
study of worn heels, which showed that maximum wear 
usually occurs at the outside border of the rear portion 
of aheel. The contour of this worn portion was found 
to be in the form of a curve rather than a bevel. 

It is extremely difficult to reproduce artificially, in 
the laboratory, walkway surfaces that are typical of the 
various conditions in service because the location of a 
floor determines to a large extent the texture of its worn 
surface. Accordingly, the Bureau has designed and 
constructed a portable impact-type slipperiness tester 
that can be used to test floors in actual service. The 
design is based on the premises that slipping is a func- 
tion of two surfaces, and that in the process of ordinary 
walking slipping is most likely to occur when the walk- 
way surface is first contacted by the rear edge of the 
heel. 

The instrument is primarily a compound pendulum 
that sweeps a shoe material over the walkway surface 
to be tested. A mechanical shoe forms the lower end of 
the pendulum and is so arranged that a 114-inch-square 
test piece of rubber, leather, or other heel material can 
be attached to the underside of the shoe at various 
angles so that only the rear edge of the test piece makes 
contact with the walkway surface. A helical spring is 
used to press the edge of the test piece against the walk- 
way surface during contact. The pendulum is released 
at a fixed height, and the edge of the heel is permitted 
to sweep over the surface of the floor specimen. A 
pointer attached to the framework at the center of oscil- 
lation of the pendulum indicates on a scale the maxi- 
mum height to which the pendulum rises above its 
lowest position. From this information an “antislip 
coefficient” for the walkway and footwear surfaces can 
be computed. 

Until the many factors that have a bearing on the 
results can be analyzed, it is advisable to consider the 
antislip coefficients obtained by this method as relative 
rather than absolute values. Some of the typical re- 
sults obtained, however, may be of interest. 

The antislip coefficients for concrete blocks ground 
with carborundum prior to testing ranged from 0.37 
to 0.65, whereas the coefficients for a concrete floor 
with a cement-mortar topping, worn smooth in 25 years 
of service, ranged from 0.19 to 0.52. These results 


The Bureau’s portable impact-type slipperiness tester is 
primarily a compound pendulum which sweeps a leather 
or rubber heel over the surface to be tested. The “anti- 
slip coefficient” for the walkway and footwear surfaces 
is computed from readings of the pointer. 


demonstrate the importance of surface condition and 
the inadvisability of assigning a single coefficient or 
even a single range of coefficients to one type of flooring. 

The most important differences were observed in the 
wet state. Rubber tile with a very smooth molded 
surface showed high coefficients when dry but very 
low when wet. A rubber tile containing alundum 
erit was quite similar under dry conditions but was less 
slippery when wet. A rubber matting containing cot- 
ton fibers in service in a transit bus showed fair antislip 
characteristics under all the test conditions. 

An investigation was made at Walter Reed General 
Hospital, Washington, D. C., to determine the relative 
slipperiness of different treatments for floors on which 
amputees are learning to walk with crutches and arti- 
ficial legs. The antislip coefficients obtained for these 
floors were satisfactory under dry conditions, especially 
in conjunction with a rubber heel, but under wet con- 
ditions the floors would be classed as extremely haz- 
ardous, especially when waxed. 

An extensive investigation was also made on the 
asphalt-tile corridors of the Pentagon Building. The 
relative order of the antislip coefficients obtained with 
the portable tester correlates very well with their rela- 
tive slipperiness as actually experienced. It is further 
indicated that there is a critical degree of slipperiness 
that largely determines whether or not a slippery con- 
dition exists. The critical antislip coefficient as de- 
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termined with the portable instrument is about 0.4 
Surfaces having coefficients of 0.45 or better are re- 
garded as satisfactory. 

Higher antislip coefficients were obtained for waxed 
asphalt tiles than for untreated tiles when tested with a 
rubber heel under dry conditions. With a leather heel 
the opposite was found true except for one type of wax. 
Under wet conditions all of the corridors would be 
classed as potentially hazardous for both rubber and 
leather footwear and especially so when waxed. In 


Klectronic Crystal Clock 


The demand for time intervals accurate to a micro- 
second and better, in navigation, seismology, geological 
surveys, and physical research, led to the development 
of the crystal clock, utilizing electronic circuit arrange- 
ments instead of conventional clock mechanisms. 
Seconds pulses from the crystal clock, developed by the 
National Bureau of Standards, are now broadcast 
throughout the world—the only high-powered continu- 
ous time signal service provided by any country. One 
or more of the frequencies broadcast (5, 10, 15, 20, 25, 
30, and 35 megacycles per second, continuously, and 
2.5 megacycles at night) may be received on the usual 
short-wave radio receiver. These highly accurate time 
signals, which proved of great assistance to the Armed 
Forces in World War II, are now providing an expand- 
ing peacetime service to scientific laboratories, schools, 
and industry. 

The heart of the Bureau’s crystal clock consists of a 
carefully selected crystal of quartz, ground and mounted 
to have a series resonance frequency of approximately 
100,000 cycles per second. By electron-tube circuits 


* 
PR ty 
ag iy 8 


poss Seren ee” 


general, the antislip properties of the waxed asphalt tile 
corridors improved with continued exposure to dry 
maintenance and normal traffic. 

In conclusion, it may be stated that good antislip 
properties under wet conditions are usually associated 
with asperities which project through the film of water 
and thus prevent its action as a lubricant. The asperi- 
ties may represent either the roughened surfaces of the 
walkway or footwear materials themselves or particles 
of embedded sand or grit. 


for Accurate Time Signals 


the crystal is continuously oscillated and the resulting 
frequency is divided, with practically no loss of ac- 
curacy, to 60 cycles per second. This 60-cycle fre- 
quency supplies power to a synchronous motor which, 
through gear trains, drives contacts that give intervals 
of 1 minute, 5 minutes, and 30 minutes to control the 
automatic announcement equipment of the transmitters. 
The motor also operates a 1-second contact that opens 
an electrical gate and allows a highly accurate seconds 
pulse to be broadcast. 

The accuracy of the seconds pulses does not depend 
on the closing time of the contact. The accuracy is de- 
termined by the crystal oscillator frequency, which 
controls a balanced bridge modulator. Standard 
1,000-cycle and 100-cycle frequencies are fed into the 
bridge so that the output consists of groups of five cycles 
of 1,000-cycle frequency spaced Yoooth of a second 
apart. During the time when no signal is being passed 
by the bridge modulator, the seconds contact is closed, 
allowing one pulse group to pass through the amplifier, 
the contact opening during the next no-signal period. 


Heart of the Bureau’s electronic crystal clock is a carefully selected quartz crystal sealed in an evacuated container 


and continuously oscillated by electron-tube circuits (left). 


The resulting frequency is divided to a frequency of 60 


cycles per second, which supplies power to the synchronous motor of the seconds pulse generator and time interval 


selector (right). 
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The time intervals control the announcements for radio station WWYV. 


Therefore, the seconds pulse consists of five cycles of 
1,000-cycle frequency given once each second, supply- 
ing a seconds pulse 44qoth of a second long. 

The absolute accuracy of the broadcast frequency of 
the crystal oscillator is at present within 2 parts in 100 
million. Although the seconds pulses are obtained by 
exact division of the quartz plate frequency, because of 
possible phase shifts and other difficulties, the pulses 
are accurate to only | part in | million. In other 
words, the length of a 1-second interval as broadcast is 
accurate to | microsecond. An interval of 1 minute or 
longer is accurate to 2 parts in 100 million. 

However, to supply an accurate time interval is one 
thing; to supply a time signal with a high absolute 
accuracy is quite another. The Bureau depends upon 
the Naval Observatory to supply the absolute time, and 
differences between this and the time signals broadcast 
from the Bureau’s radio station WWV at Beltsville, 
Maryland. As these differences are based upon data 
obtained both before and after a radio time signal has 
been transmitted, it is necessary to extrapolate continu- 
ally the data from a known correct value 2 or more 
weeks in the past. For this reason there are days when 
the broadcast time may differ as much as 0.02 of a 
second from the Naval Observatory value. 

The quartz crystal of the clock is cut to a certain 
size, and at an angle to the axis of the mother crystal, 
to give the desired frequency, quality coefficient “Q”, 
and a very low temperature coefficient. Each clock 
also has a driver circuit arrangement and frequency 
dividing equipment. The rate of the crystal clock 
depends on the temperature, pressure, and humidity of 
the air around the quartz plate; age and quality of the 
quartz plate and mounting; and the operating voltage 
of the circuit supplying the frequency—conditions that 
necessitate very accurate control. Pressure and hu- 
midity are maintained by sealing the quartz plate in a 


glass or metal enclosure, while the temperature is held 
constant by placing the quartz plate and certain im- 
portant parts of the circuit arrangement in a constant- 
temperature oven. 

There are certain similarities and differences in the 
erystal clock and the conventional pendulum clock. 
Each is affected by changes in pressure and tempera- 
ture, conditions that may be readily controlled. The 
pendulum clock, however, is affected by changes in the 
gravitational constant to such an extent that changes of 
water level in the ground, or of the tides when the clock 
is near the seashore, may result in a measurable change 
in rate; such changes in gravity produce no noticeable 
effect on the rate of the crystal clock. It is possible to 
compare crystal clocks at high frequencies to determine 
erratic behavior accurately and quickly. Mechanical 
clocks have the advantage in regard to reliability of 
operation, but have been entirely replaced by crystal 
clocks where highest accuracy is required. 

The equipment used at the Bureau in comparing the 
various crystal clocks measures accurately, in a few 
seconds, a change of rate equivalent to 1 second in 50 
years. During | month, the change in the rate of drift 
of a good crystal clock may be less than plus | part in 
100 million. Therefore, if the clock began the year 
with correct time and zero rate of drift, it would have 
gained approximately 2 seconds by the end of the year. 
The short-time variations (10 minutes or less) are less 
than | part in 1 billion. 

The broadcasting of time by the National Bureau of 
Standards came as a byproduct of the standard fre- 
quency broadcast services which were begun in 1922. 
Intermittent broadcasts during certain hours of the day 
became continuous after January 1941, with station 
identification at 5-minute intervals. The seconds 
pulses given as a modulation to the transmitted signal 
were not announced time signals. However, these 


The Bureau’s seconds pulse generator (front view, left), whose accuracy is controlled by the crystal oscillator fre- 
quency, provides seconds pulses, each 0.005 second long and consisting of 5 cycles of a 1,000-cycle frequency (right). 
‘he seconds pulse generator and time-interval selector, housed in the same chassis, are used in the time-control equip- 
ment of the Bureau’s radio station WWYV at Beltsville, Md. 
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pulses did mark time intervals that could be used for 
the timing of events or for determining the rate of a 
clock. 

Because of the interest of the military forces and 
others, the seconds pulses of the crystal clock were 
brought into close agreement with the Naval Observa- 
tory time signals. In February 1944, the 59th-second 
pulse was omitted to designate the end of each minute. 
Announcements of Eastern Standard Time in Conti- 
nental (International Morse) Code, for the beginning 
of each announcement interval, have since been added 
during the announcement periods, which occur every 
5 minutes. These announcements are given during 
interruptions to the standard audio frequencies which 
start exactly on the hour and each 5 minutes thereafter, 

In addition to the continuous accurate time intervals 
and announcements, the broadcast by radio station 
WWYV provides standard radio frequencies, standard 
audio frequencies (440 and 4,000 cycles per second), 


Carrier Distillation in 


The utilization of uranium as a source of atomic 
energy requires material of the highest purity, because 
impurities may prevent the nuclear chain reaction 
through which atomic energy is released. Thirty-three 
impurity elements, some in concentrations as low as a 
few tenths of a part per million, have been detected and 
estimated through a modified spectrographic method 
developed by B. F. Scribner and H. R. Mullin* of the 
Bureau’s Spectroscopy Laboratory, and used since 1942 
in the Manhattan Project for analysis of uranium and 
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direct arcing (top) of 1 mg of U;O; obscure spectral lines of impurities. 


the standard musical pitch (A above middle C), and 
radio propagation disturbance warning notices. 

There are many peacetime uses for frequency and 
time services besides checking the operation of clocks 
and other timepieces. The accurate measurement of 
time is of importance in seismology, geodesy,, naviga- 
tion, and research, in other countries as well as our 
own. The broadcasts are being utilized by many or- 
ganizations such as schools and universities, scientific 
laboratories, manufacturers, and users of radio com- 
munications equipment; observatories that are widely 
separated and make automatic recordings of astronomi- 
cal phenomena and motions of the earth; power com- 
panies that continuously check the frequency of power 
generated at widely separated stations; communica- 
tions companies that regularly transmit-photographs by 
wire or radio; and certain radio broadcast companies 
that synchronize program features from various 
countries. 


Spectrographic Analysis 


its compounds. Solving a major analytical problem, 
the method has been applied to control and inspection 
in the production of these materials. 

Impurities differ in their effects on the nuclear chain 
reaction. Some elements such as boron and cadmium 
may interfere if present in concentrations as low as a 
few tenths of a part per million, and many other 
elements should not exceed a few parts per million. 
Rapid, sensitive, and accurate methods are therefore 
required for the determination of at least 60 chemical 
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Are spectograms of uranium oxide in the region of 3,000 to 3,350 angstroms. 


Lines of uranium spectrum from 
Compare spectrum from 100 mg of U;O; 


by carrier distillation (center) and that from similar sample containing 49 the concentration of impurities (bottom). 
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elements in a variety of uranium-base materials. Prior 
to 1941, methods for the analysis of uranium to the 
necessary sensitivity were unknown. Even the estab- 
lished spectrographic methods of analysis, so useful in 
general for detecting minute amounts of impurities, 
were unsuccessful because of interference by the highly 
complex uranium spectrum—a spectrum in which more 
than 20,000 lines have been observed. 

Early in 1941, at the request of the Office of Scientific 
Research and Development, the Bureau undertook to 
adapt spectrographic methods to the analysis of ura- 
nium. In developing suitable methods it was evident 
that the interference of the spectrum of uranium, with 
the spectral lines characteristic of impurities, could be 
overcome only by separating the impurities from the 
uranium. This was accomplished in the carrier-distil- 
lation method by converting the uranium sample to a 
refractory compound having low volatility (the black 
oxide of uranium, U,Os) and distilling the impurities 
from this compound in a direct-current electric arc. 


Gallium Oxide as Carrier 


In order to sweep out the minute quantities of im- 
purity vapors from the sample without volatilizing the 
uranium, a small amount of a volatile material, termed 
a “carrier,” is added to the sample. Gallium oxide, 
a compound of a rare metal resembling aluminum, was 
found most useful as a carrier and is added at a concen- 
tration of 2 percent in the uranium oxide. Pure gallium 
oxide was available as a result of studies some years 
earlier in another Bureau laboratory, and a method for 
its preparation was developed from data obtained 
through this earlier investigation. When the mixture 
is heated by a direct-current arc in a carbon electrode 
of special design, the carrier material and impurities 
are volatilized into the arc. The uranium, remaining 
as a residue, can be recovered readily from the elec- 
trode—an important consideration, particularly with 
some active forms of uranium. 

The light of the arc, examined with a spectrograph, 
provides a spectrum consisting of the simple spectrum 
of gallium plus the spectral lines characteristic of vola- 
tile impurities in the uranium. By a proper selection 
of wavelengths and suitable photographic plates for 
the different wavelength regions, a series of spectro- 
grams are made, from the ultraviolet region of the 
spectrum (2,200 A) to the infrared (8,750 A). 
Characteristic spectral lines, by which thirty-three im- 
purity elements may be detected at very low concen- 
trations, appear in the region covered. 

For quantitative determinations, carefully prepared 
standards of known composition are submitted to the 
same treatment as the samples. Amounts of impurities 
are then estimated by photometric measurement, or by 
visual comparison of the spectrograms of samples and 
standards. Determinations are made to an accuracy of 
+10 percent of the amount of the element present. For 
example, boron and cadmium can be observed easily 
at a concentration of | part in 10 million, and the con- 
centration can be determined to within one-tenth of this 
amount. The greatest sensitivity, observed for the 


detection of silver, was 1 part in 20 million, or in more 
familiar terms, one-tenth ounce in 621% tons. ‘The ele- 
ments that are detected by this method and the lower 
limits of detection are shown in the accompanying table. 
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Thirty-three impurity elements determined in uranium- 
base materials by the carrier-distillation method and 
the lower limits of routine detection, in parts per million. 


The carrier-distillation method was applied to the 
analysis of thousands of samples of uranium metal, 
oxides, and salts, serving both the producer and the 
Government in controlling the purity of uranium-base 
materials required in the atomic energy project. Not 
limited, however, to uranium-base materials, it may be 
applied to spectrographic analysis of other materials 
that may be converted to a relatively nonvolatile refrac- 
tory form. 


*Details of this work are described in Research Paper RP1753, Carrier- 
distillation method for spectrographic analysis and its application to the analysis. 
of uranium-hase materials. B. F. Scribner and H. R. Mullin, J. Research NBS 
37, 379 (1946). 


Spectrographic Analysis of 
Portland Cement 


With the advance of knowledge concerning the effects 
of the several constituents of portland cement upon the 
properties of concrete, the need has been increasingly 
felt for more rapid and precise methods for determina- 
tion of these constituents. Of particular significance 
in recent years have been the possible effects of the 
alkali elements. This problem is now under critical 
observation by various laboratories in connection with 
studies on the durability of concrete. An investigation 
by the research fellowship of the Portland Cement Asso- 
ciation at the National Bureau of Standards, cooperat- 
ing with the Bureau’s Spectroscopy Laboratory, has led 
to the development of a satisfactory spectrographic 
method for determination of the constituent elements of 
portland cement—particularly the minor elements that 
may contribute favorable or unfavorable properties to 
concrete. 
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The usual chemical methods of analysis of portland 
cement for minor elements are time-consuming and 
subject to considerable human error, particularly in 
the determination of the alkali elements. The system 
of spectrographic analysis, which grew out of earlier 
investigations applied specifically to the determination 
of sodium, potassium, and lithium, provided a solution 
to this analytical problem. In order to take the fullest 
advantage of this method, the study was extended by 
A. W. Helz and B. F. Scribner to include the determina- 
tion of all the constituent elements of portland cement 
susceptible of ready determination by spectrographic 
means. 

The principal problem involved in spectrographic 
analysis is to excite the characteristic spectra of the 
elements in the sample in a reproducible manner. This 
was accomplished in the analysis of portland cement 
by the new method of forming a compressed pellet of 
the cement mixed with a binder of graphite powder, a 
reference material of cobalt oxide, and a buffer of 
potassium nitrate. The pellet and a graphite rod serve 
as electrodes between which an intermittent-are dis- 
charge is passed. The light from the arc is then ob- 
served with a spectrograph and the photographed 
spectrum is measured for the characteristic lines of the 
elements to be determined. Quantitative determina- 
tions are based on comparison with standard samples 
of cements having compositions carefully determined 
by chemical methods. 

In thé sample mixture, the graphite serves a dual 
purpose: to bind the material together when pressed 
into the required pellet 14 inch in diameter and 14 inch 
thick and to conduct electricity through the electrodes. 
The cobalt oxide provides a reference element in fixed 
concentration in the sample; the intensities of spectral 
lines of the minor elements in the cement are measured 
relative to the intensities of selected cobalt lines. The 
addition of a known excess of potassium nitrate over- 
comes efiects on the spectra caused by variations in the 
concentrations of the alkali elements in the cement. 

The method provides for the quantitative determina- 
tion of the following constituents, which are reported 
as concentration of their oxides: Aluminum. iron, mag- 
nesium, sodium, potassium, manganese, and vitanium 
In addition, suitable spectral lines are listed for the 
detection of lithium, chromium, strontium, and 
zirconium. 

The spectrographic analysis of portland cement pro- 


vides advantages of speed and freedom from human ° 


error. An operator can analyze 8 cement samples in 
duplicate for 7 elements, a total of 112 determinations, 
in 8 hours. The time required for the equivalent 
chemical analysis would be several days. Further- 
more, the method is sufficiently accurate for control 
work and is believed advantageous for applications in 
which a considerable volume of testing is involved. 
Where reliable standard samples are available, the 
method shows promise of ready extension to the 
analysis of cement raw materials and many ceramic 
materials. 
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NBS Scientists 


The Hillebrand Prize of the Washington Chemical 
Society, for the outstanding chemical achievement of 
the year in the Washington area, has been awarded to 
Dr. James I. Hoffman of the Bureau’s Analytical 
Chemistry and Standard Samples Section. The award 
was made for his contributions to science in the deter- 
mination of the atomic weights of aluminum and gal- 
lium, the development of a hydrochloric acid extraction 
process for the production of alumina from clay, and 
the development of an ether extraction process for the 
purification of uranium oxide. The purification of 
uranium oxide by this method removed the greater part 
of the difficulties encountered by the Manhattan District 
in securing pure materials for the production of ura- 
nium metal. Specializing in analytical chemistry, Dr. 
Hoffman has also carried out extensive research on the 
chemistry of the rarer elements and the chemical analy- 
sis of iron, steel, and various minerals including phos- 
phate rock, bauxite, and fluorspar, and has published 
numerous papers in his field. 


Dr. John H. Curtiss, Assistant to the Director and 
in charge of the mathematical activities of the Bureau, 
was elected to the vice-presidency of the Institute of 
Mathematical Statistics at the meeting of the Institute 
in Atlantic City on January 24 to 26. Well known in 
the field of mathematical statistics, Dr. Curtiss has not 
only contributed extensively to the theory of statistical 
inference and to related fields of mathematical analysis, 
but has also taken an active part in developing the ap- 
plications of the theory to the physical and engineering 
sciences. 


Albert S. Cahn, Jr., has joined the Bureau staff as 
a mathematician in the High-Speed Electronic Comput- 
ing Group, bringing his wide range of experience in the 
mathematics of nuclear physics and other fields of ap- 
plied mathematics. Mr. Cahn comes to the Bureau 
from the Institute for Advanced Study at Princeton 
University, where he has been concerned with the appli- 
cation of automatic computing equipment to weather 
forecasting. His work will involve the adaptation of 
mathematical technics to electronic operation of high- 
speed computers and the analysis of types of problems 
the machines may be called upon to solve. 


Donald I. Graham has been designated Safety 
Engineer of the Bureau and chief of the Safety Section 
of the Personnel Division. Mr. Graham, a graduate of 
Northwestern University in civil engineering, has re- 
cently been engaged in War Department activities con- 
cerned with the handling, storage, and destruction of 
military explosives. He was previously director of 
safety and fire prevention for plants of the E. I. duPont 
de Nemours & Co., and later transferred to the Hanford 
Engineer Works, Richland, Washington, where he 
established the safety program for the Government’s 
plutonium project. Mr. Graham will be responsible 
for safety analysis and safety programs at the Bureau. 


NBS. Publications 


Periodicals * 


Journal of Research of the National Bureau of Standards, 
volume 38, number 3, March 1947 (RP1773 to RP1779, 
inclusive) . 

Technical News Bulletin, volume 31, number 3, March 1947, 
10 cents. 

CRPL-D31. Basic Radio Propagation Predictions for June 
1947. Three months in advance. Issued March 1947. 


15 cents. 
Nonperiodical 
RESEARCH Papers *” 
RP1765. Concentration of isotopes of potassium by the counter- 


current electromigration method. A. Keith Brewer, Samuel 
L. Madorsky, John Keenan Taylor, Vernon H. Dibeler, Paul 
Bradt, O. Lee Parham, Roy J. Britten, and J. Gilman Reid, Jr. 
15 cents. 

RP1766. Concentration of potassium™ by countercurrent elec- 
iro-migration: Some theoretical aspects of the operation. 
James W. Westhaver. 10 cents. 

RP1767. Concentration of isotopes of chlorine by the counter- 
current electromigration method. Samuel L. Madorsky and 
Sidney Straus. 10 cents. 

RP1768. Normal coordinate analvsis of the vibrational fre- 
quencies of ethylene, propylene, cis-2-butene, trans-2-butene, 
and isobutene. John E. Kilpatrick and Kenneth S. Pitzer. 
15 cents. 

RP1769. Infrared absorption spectra of seven cyclopentanes and 
five cyclohexanes. Earle K. Plyler, Ralph Stair, and Curtis J. 
Humphreys. 15 cents. 

RP1770. Elastic behavior and creep of refractory bricks under 
tensile and compressive loads. Lewis E. Mong. 10 cents. 
RP1771. Surface tensions of some optical glasses. Leo Shartsis 

and Alden W. Smock. 10 cents. 

RP1772. Laminar boundary-layer oscillations and Hoochiten on 
a flat plate. Galen B. Schubauer and Harold K. Skramstad. 
20 cents. 


COMMERCIAL STANDARDS ? 


CS138-47. Insect wire screening. 5 cents. 
LETTER CIRCULARS ° 
LC847. List of published material relating to building regula- 


tion. (Supersedes C804). 


Articles by Bureau Staff Members in Outside 
Publications 


Resinous sealants for porous castings. Vernon C. F. Holm. 
The Foundry (Penton Publishing Co., 1213 West Third St., 
Cleveland 13, Ohio) 75, No. 1, 86 (1947). 

Temperature distribution in an experimental house—part I. 
R. S. Dill and P. R. Achenbach. Heating and Ventilating 
(The Industrial Press, 148 Lafayette Street, New York 13, 
N. Y.) 44, No. 2, 67 (1947). 

The maximum range of a radar set. Kenneth A. Norton and 
Arthur C. Omberg. Proc. Inst. Radio Engrs. (1 East Seventy- 
ninth Street, New York 21, N. Y.) 35, No. 1, 4 (1947). 

Laminar boundary-layer oscillations and stability of laminar 
flow. G. B. Schubauer and H. K. Skramstad. J. Aeronau- 
tical Sciences (2 East Sixty-fourth Street, New York 21, N. Y.) 
14, 69 (1947). 

Simplification and standardization of containers and packages. 
W. E. Braithwaite. Containers (425 West Twenty-fifth 


Street, New York 1, N. Y.) 2, No. 3, 4 (1947). 


1 Send orders for publications under this heading only to the Superintendent 
of Documents, Government Printing Office, Washington 25, D. C. Annual sub- 
scription rates: Journal of Research, $4.50 (foreign, $5.50); Technical News 
Bulletin, $1.00 (foreign, $1.35); Basic Radio Propagation Predictions, $1.50 
(foreign, $2.00). Single copy prices and prices of other publications are 
indicated in the lists. 

2 Reprints from February Journal of Research. 

8 Available on request from the National Bureau of Standards, Washington 25. 
D. C. Letter Circulars are prepared to answer specific inquiries addressed to 
the Bureau, and are sent only on request to persons haying definite need for the 
information. The Bureau cannot undertake to supply lists or complete sets of 
Letter Circulars or send copies automatically as issued. 

4 These publications are not available from the Government. Requests should 
be sent direct to the publishers. 


Periodicals of the National Bureau of Standards 


The National Bureau of Standards is the principal 
agency of the Federal Government for fundamental re- 
search in physics, chemistry, and engineering. Some 
2,300 individuals comprise the staff of the Bureau. The 
scientific and technical activities are divided into 11 
divisions: electricity, metrology, heat and power, optics, 
chemistry, mechanics and sound, organic and fibrous 
materials, metallurgy, mineral products, ordnance de- 
velopment (including electronics), and radio propaga- 
tion. ‘The results of research, development, and test at 
the National Bureau of Standards in these fields of 
physics, chemistry, and engineering are regularly re- 


ported in three monthly publications: the TECHNICAL 
News BULLETIN, the JOURNAL OF RESEARCH, and the 
Basic Rapio PROPAGATION PREDICTIONS. 


Technical News Bulletin 


A monthly report containing concise articles on cur- 
rent work in the NBS laboratories. The articles are 
brief, with emphasis on results and applications rather 
than on experimental details. Abstracts of papers ap- 
pearing in the JOURNAL OF RESEARCH, accounts of im- 


AZ 


portant national and international scientific meetings, 
and bibliography of publications by staff members also 
appear here. The BULLETIN is designed primarily to 
give a general and timely review of the Bureau’s 
research. 


Journal of Research 


A monthly publication presenting regular papers re- 
porting the research of the Bureau in physics, chemistry, 
and engineering. The JOURNAL is, in content and for- 
mat, similar to the classical scientific periodicals. 


Basic Radio Propagation Predictions 


Each monthly issue presents complete radio propaga- 
tion information enabling the reader to calculate the 
best sky-wave operating frequencies over any path at 
any time for average conditions for the month of pre- 
diction. Predictions are issued 3 months in advance. 
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